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第 4章では，第 3章で検証したレーザ加工条件を実現し，NPD 工具の成形を行うこと
ができるフェムト秒パルスレーザを搭載した 5軸加工機の開発について述べている． 
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Thesis Summary 
Nano-polycrystalline diamond (NPD) is a material synthesized by the direct conversion of high purity 
graphite powder under ultra-high temperature and pressure. Because NPD has greater hardness than 
single crystal diamond and isotropic mechanical strength, it is expected to be a next generation tool 
material. However, owing to its hardness and insulation, it is difficult to shape NPD into a tool by 
conventional machining techniques such as polishing or electrical discharge machining, which extends 
the fabrication time and makes NPD tools expensive. This problem prevents NPD tools from gaining 
popularity. In this study, excellent machining characteristics of NPD tools are made clear in experiments 
and effectiveness of a femtosecond pulsed laser on NDP processing is explained. A system to fabricate 
NPD tools with high efficiency and accuracy using a femtosecond pulsed laser is developed. 
Chapter 1 summarizes the background and objectives of this research.  
In Chapter 2, to verify the machining performance of a NPD tool, a polycrystalline diamond tool, a 
single crystal diamond tool, and an NPD tool with the same shape are compared in machining of 
tungsten carbide under the same conditions. Consequently, it is confirmed that the NPD tool has high 
wear resistance and impact resistance than other diamond tools and maintains its machining 
performance even in long-distance machining. 
In Chapter 3, as a machining method for NPD, the pulsed laser machining is focused on. The basic 
laser conditions for NPD processing using two types of pulse lasers: nanosecond and femtosecond 
lasers, are investigated. Consequently, in the case of nanosecond pulsed laser processing, a 
graphitization problem is observed along with adhesion of debris owing to the thermal effect. However, 
in the case of femtosecond pulsed laser processing, the thermal effect is almost negligible. Thereby, it is 
confirmed that the femtosecond pulsed laser can be used in NPD processing to obtain high quality and 
efficiency. 
Chapter 4 describes the development of a five-axis femtosecond pulsed laser processing machine 
tool that can construct NPD tools while achieving the laser conditions described in Chapter 3. 
Chapter 5 describes the method to form an NPD tool using the five-axis femtosecond pulsed laser 
processing machine tool developed in Chapter 4. Thus, by optimizing the processing processes and 
conditions, the machining time to form the NPD tool is significantly reduced (within 1 h) as compared to 
the conventional method. However, improvements of the machine tool are required to enhance the tool 
accuracy and shorten the machining time. 
Chapter 6 summarizes the results of this study and future perspectives. 
